In turbine practice engineering, draft tube downstream running under extreme water flow pressure and velocity. This is causing a vibrations and pressure variation during different operation frequencies. The practical challenge of obtaining a stabilized water flow is ongoing domain of research. In this paper, a proposition of initiating submerged weir in the downstream of draft tube reaction turbine is inspected. The main goal of this research is to reduce the water flow pressure variation, velocity and shear distribution in accordance to the upstream water level influence. Two types of turbines including vertical Kaplan and Francis turbine units are examined. ANSYS CFX software tool is used to build three-dimension (3D) numerical models for the Kaplan and Francis turbines with building a submerged weir at the outlet of the draft tubes at three deferent height suggestions. The influence of the proposed submerged weir is studied the flow through these turbines by considering the dimensions of their components including the penstock with inlets, spiral casing, shafts and blades, and the draft tube with outlets. The findings of this research were tremendous proposition to solve the problem of negative pressure pulsation in draft tube of Kaplan and Francis turbines types.
Introduction
Powerhouses are among the main parts of dams that are used to generate low-cost hydroelectric power. The identification of the hydraulic characteristics of Kaplan and Francis turbine units [1] , which function as the main engine of a powerhouse. Kaplan and Francis turbines, which are classified as reaction turbines, are difficult to use under part-load operation because of pressure oscillation [2] [3] [4] . Studies on this topic have presented solutions for the cavitation problem in draft tubes [5] , the vibration effect in powerhouses caused by a running turbine, maximizing power generation, and generating low-cost power [1, 6] .
In the last decade, there has been a very noticeable development in the computational fluid tools [7] [8] [9] . It has become very effectively to perform a robust and reliable analysis the flow pattern phenomenon inside the turbine structure. Based on the literature, numerous studies have been conducted utilizing those tools in simulate the flow behavior in the draft tube of turbine and inspect the critical condition such as vortex rope and vibration [2, 10] .
Researchers have studied pressure pulsation in Francis hydraulic turbine units and discussed the cavitation phenomenon problem [11, 12] . Jošt and Lipej (2011) built a 3D numerical model for a Francis turbine unit to predict vortex rope in the draft tube based on numerical flow analyses [13] . Two analyses were performed, i.e., without and with cavitation effects.
Another study performed a numerical analysis of cavitation turbulent flow in a Francis turbine under partial load operation using the k-ω shear stress transport turbulence model in the Reynolds-averaged Navier-Stokes equations [14] . Qian et al. (2007) simulated 3D multiphase flow in a Francis turbine to calculate pressure pulsation in the spiral casing, draft tube, runner front, and guide vanes using fast Fourier transform [15] . The investigation of hydrodynamic effects of pressure fluctuation in the draft tube was studied by [16] . The cause of rotor-stator interaction simulation under partial load operation using analyzing 3D [17] . Recently, an attempt conducted on the investigation of the local wave speed and bulk flow viscosity in Francis turbine by [18] .
There are also several other studies conducted on the Francis turbine analysis through the advantages of the computational features [19] [20] [21] [22] [23] .
Other researchers have discussed pressure pulsation in Kaplan hydraulic turbine units and methods to reduce the cavitation phenomenon problem. Ko and Kurosawa (2014) evaluated and presented cavitation performance at a specific speed for a 400 MW Kaplan turbine using a finite volume method to solve the Reynolds-averaged Navier-Stokes equations combined with the Reynolds stress model [24] . The modified Rayleigh-Plesset equation was used to model the collapse and growth of cavitation bubbles. Javadi and Nilsson (2014) adopted the renormalization group k-ε turbulence model combined with the
Reynolds-averaged Navier-Stokes equations to analyze unsteady turbulent flow in a U9
Kaplan turbine model [25] . Analyses were performed on the fluctuation of pressure in the draft tube, unsteady flow behavior, and cohesive flow structures. Another investigation was carried out on the runner outlet flow of a Francis turbine model using a two-component particle image velocimetry system by [26] . The finding of the research proposes a particular shape to provide suitable optical access across the draft tube elbow. The characteristics of the flow pattern in a Francis turbine runner with a small opening valve using the Reynolds-averaged Navier-Stokes equations and the continuity equation was inspected by [27] . The 3D unsteady turbulence flow throughout the entire passage of the turbine was simulated numerically based on the k-ε two-equation turbulence model using the CFD software ANSYS Fluent. The finding of the study showed that a low-pressure zone expanded around the blades of the runner when the valve was closed, and velocity increased throughout the runner area. On the other hand, the effect of hydraulic instabilities on increasing the service lifetime of Francis and Kaplan turbines was accomplished by [1] . In particular, (Caishui, 2012) built a mathematical model to study pressure distribution in the flow pattern inside the powerhouse of a hydropower station using a fluid dynamics method (CFD) to determine the velocity distribution and pressure pattern distribution under three operating conditions: one-unit load, two-unit load, and full-load rejection [28] . The results of this study outlined good flow pattern at the inlet with steady water level fluctuation. Based on the extensive state-of-the-art studies on the pressure pulsation in the draft tube of Kaplan and Francis turbines depend on the same methods and analysis but use different models. Based on the comprehensive review article published by [2] , several researchers have suggested changes in turbine design to reduce the cavitation phenomenon and increase turbine efficiency.
In the current work and for the best knowledge of the authors, constructing a submerged weir in three different heights (i.e., 1/6, 1/3, and 1/2 from the draft tube outlet height) was suggested to decrease the pressure variation in the draft tubes of turbine units.
The main enthusiasm of establishing this research is owing to the main concept of broad-crested weir, that stabilize the flow through the open channel [29, 30] . Two reaction hydraulic turbines in two different embankment dams are selected as a real practical example to evaluate hydraulic performance. The hydraulic performances were including the pressure stability in the draft tubes of a vertical Kaplan turbine used in the Haditha Power Station and a vertical Francis turbine used in the Temenggor Power Station. A 3D numerical model with one turbine unit for each powerhouse is analyzed and simulated using ANSYS CFX software tool at different water levels (minimum to maximum). The discharge and hydraulic information obtained from sites. Flow velocity, pressure distribution, and shear wall distribution were determined under different loading cases using the k-ε turbulence model.
The finite volume method was adopted, the physical properties and flow characteristics of water are defined. The simulation results of the models determined the characteristics of the turbines obtained by running the 3D turbine models in which changed according to the upstream, downstream water levels and discharge ranges. This study provides a foundation for determining the hydraulic characteristic performance of reaction turbines to compare the two types of hydropower station: the Haditha powerhouse, which is an integral part of the dam body, and the Temenggor powerhouse, which is separate from the dam body. A safe and low-cost method for generating hydroelectric power can be identified.
Dams and Power Stations Description

Haditha Dam
The Haditha Dam is an earth-fill dam located on the Euphrates River, north of Haditha City in Iraq. This dam is over 9 km long and 57 m high. The Haditha Dam was built to generate hydroelectricity and regulate water for irrigation [31] 
Temenggor Dam
The Table 1 presents the hydraulic information required to build the models for the turbine units.
Methodology Overview
This Reaction turbines represent one of the largest hydraulic structures. Water pressure applies force on runner blades and this pressure decreases throughout a running turbine, this phenomenon presented in both Francis and Kaplan turbines. The runner and the blades of the turbines are fully immersed in water and they must be sufficiently strong to resist the operating pressure. The hydraulic power of the turbine units is given in formula (1) [33, 34]:
where is the water pressure, is the water mass density, is water discharge, is the gravity weight, is the water head, and is the efficiency.
The energy of the turbines is defined as can be seen in equation (2) [35]:
where is the water head of turbine. 
The forgoing statistical formulas are used only for preliminary studies during the first trial to estimate the specific speed used to set the rotational speed of a turbine by applying Equation (3, 4 and 5) are used because there is no clear relationship exists among the head, flow rate, and the rotational speed of the turbine.
3D Numerical Finite Element Turbine Model.
In this study, two different kind of turbines (e.g., Kaplan and Francis) were selected as a cases studies to be investigated. ANSYS CFX is used to simulate the 3D numerical finite volume flow turbine models, including the runner with blades, and the shaft is defined as the submerged rotational body. The water field includes the two rectangular inlets for the Kaplan turbine and one circular inlet for the Francis turbine. The penstock, the spiral casing, the draft tube, and two rectangular outlets are defined. The boundary conditions include the discharge range, the operating head, the rotational speed of the turbines, and the effect of gravity.
Latterly, the two models run with three submerged weirs suggestion at the downstream of turbine units. The Figure 2a and b display the dimensions of the units. The water flow through the draft tube was modeled using the incompressible continuity formulation and Reynolds time average. The mathematical explanation can be presented as follows [42] . The water flow continuity formula is:
And the momentum formula is:
where;
The double formula of the k-is:
. can be determined: 
Description of Hydraulic Simulation
The utilization of the k-turbulence model is very essential for describing the motion of turbulent flow through the turbine unit and particularly due to streamlines exhibit random motion near the turbine runner [25, 27, 44] . The 3D numerical model based on the finite volume method is used to distinguish among the unsteady incompressible flow inside the turbine unit running under varying head and discharge ranges and to solve the Reynolds-averaged Navier-Stokes equations. All simulation applied according to computational fluid dynamic (CFD) approach. The hydraulic data (i.e., upstream and downstream water levels with discharge ranges) required to operate the model were collected from engineering reports belong to the inspected cases studies. Table 3 provides the hydraulic data of Haditha and Temenggor powerhouses, and specific speed (column 3) is calculated using Equations (4) and (5) during the first trial, respectively. Equation (1) The inlet velocity calculated by applying the continuity equation and rotational speed are verified using Equation (3). The Kaplan and Francis numerical 3D models were running by defining the gravity weight of water and the turbine components including the runner and the shaft as the submerged rotational bodies. The boundary conditions include inlet velocity (column 7 in Table 3 ), outlet pressure (1 atm), and the rotational speed of the turbine (column 8 in Table 3 ). The central axis turbine is defined as the rotational axis, and the time step interval is 500 steps/0.01 s to show the rotational motion of the turbine around its axis [45] .
Several runs were performed for the turbine models while changing the rotational speed of the turbine to calculate the pressure at the turbine inlets, which provide the total head that presents the summation of elevation head, velocity head, and pressure head, as tabulated in Table 4 . Table 3 . The input rotational speed of a turbine is used, and several runs are performed to determine the inlet pressure that provides the total head at the inlet closest to the upstream water level.
Application and findings analysis
Table 4.
In addition, Table 4 outlines the error percentages between the total head at the turbine inlet estimated from running the numerical models with the upstream water levels.
The results showed that the error percentages between the total head estimated at the turbine To have comprehensive details visualization of the attained results on the pressure variation, Table 5 presented. The maximum differences in pressure above and below the turbine runner exist at the following heads 144.9 m and 248.4 m for the Haditha and
Temenggor turbine models, respectively. In which represents the best water level elevations to operate the turbines with the highest efficiency. Table outlined Based on the engineering prospective, cost of initiating a submerged weir is very important element that need to be considered by decision makers. Note that constructing the submerged weir is not an easy mission. It required carful investigation, inspection and optimized structure building. This is might be costly from the aspect of economic; yet, it is great proposition for the dam sustainability and stability, and hydropower operation.
In conclusion, results showed that reducing pressure fluctuation that provides a uniform velocity distribution according to the Reynolds-averaged Navier-Stokes equations at the draft tubes, and especially for the high discharges rates. This fluctuation is more visible in the Temenggor Francis turbine than the Haditha Kaplan turbine due to the operation under high water level of the upstream (Table 1 ). The recommended submerged weir construction at the outlet draft tube was owing the uneven distribution of water flow and particularly in diffuser section. The findings indicated an essential solution that can be implemented practically in the powerhouse system operation in order to maintain a steady draft tube water flow with balanced water pressures on the both side outlet. The proposed submerged weir can be further extended to envisage the turbine outlet components instabilities of prototype off-design operation.
Conclusions
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